The outcome of in vitro fertilization (IVF) 
INTRODUCTION
Deleterious effects of diethylstilbestrol (DES) on the reproductive outcome are well established. The various factors attributed to impair fertility in women with a history of in utero exposure to DES include a spectrum of uterine, cervical, and vaginal anatomical deformities, shortened menstrual cycles, and altered ovarian steroidogenesis (1) (2) (3) . Limited data are available regarding the outcome of assisted reproductive techniques (ART) in women with a history of exposure in utero to DES. A review of the literature on the subject of DES exposure and effects on reproductive performance following IVF has yielded only three published studies (4) (5) (6) . Karande et al. (4) have suggested an impaired implantation in this group of patients when compared with cases of tubal infertility. Noyes et al. (6) , in a comparison of DES-exposed versus nonexposed infertile patients undergoing IVF, have demonstrated statistically insignificant, though clinically significant, differences in implantation rates between the two groups (13.6 vs 23.2%). Since the sequelae of DES exposure were recognized in the 1970s, we anticipate that ART programs, especially in North America, will continue to witness the impact of this teratogen on the reproductive performances of those exposed for at least another decade. Implications of DES use in pregnancy thus continue to pose a challenge to those managing infertility at the turn of the 21st century.
We performed a retrospective analysis of all IVF cycles of patients with a self-reported history of in utero exposure to DES with the objective of assessing the outcome following controlled ovarian hyperstimulation (COH) and embryo transfer. The results were compared to outcome of COH and IVF and embryo transfer in a control group of patients with idiopathic infertility.
MATERIALS AND METHODS
Seventeen infertile women with a self-reported history of in utero exposure to DES underwent a total of 27 attempts at IVF at MGH between August 1993 and March 1997. Each patient had a basal endocrine profile including a day 3 serum follicle stimulating hormone (FSH) and estradiol (E 2 ) values checked in an unstimulated cycle. The uterine cavity was evaluated in 5 of 17 patients by a hysterosalpingogram (HSG) and in 12 of 17 by performing hysteroscopy in an office setting. The control group included 20 infertile patients with a diagnosis of idiopathic infertility undergoing IVF cycles during the same period as the DES-exposed population. The diagnosis for the idiopathic group was based on exclusion of all known causes for infertility [i.e., tubal factor, anovulation, male-factor infertility, and endometriosis stages II, III, and IV according to the revised AFS classification (7)]. These patients underwent a total of 27 cycles of IVF and were matched with the DES-exposed group for age, basal FSH and E 2 , and the number and quality of embryos transferred. The uterine cavity was assessed by HSG in 4 of 20 patients and by hysteroscopy in 16 of 20. Pituitary downregulation was employed using gonadotropin releasing hormone agonist (GnRHa) leuprolide acetate (LA; TAP Pharmaceuticals, Deerfield, IL). COH was achieved using human menopausal gonadotropins (Metrodin; Serono Laboratories, Randolph, MA) and hMG (Pergonal; Serono Laboratories, Randolph, MA). Ovarian response was monitored by serial serum E 2 levels and follicular measurements by transvaginal ultrasound scans using a 7.5-MHz vaginal transducer (General Electric, Milwaukee; RT 3200 Advantage II). An assessment of the thickness of the endometrial stripe was performed on the day of hCG administration. Oocyte maturation was induced with 10,000 IU of hCG (Profasi; Serono Laboratories, Randolph, MA), and transvaginal ultrasound-guided oocyte retrieval was performed 34-36 hr after hCG injection. The oocytes retrieved were graded according to the maturity based on the configuration of the corona-cumulus complex (8) . The quality of oocytes was determined based on the regularity of the cell and zona pellucida, clarity of cytoplasm, and presence or absence of vacuoles and cytoplasmic fragments, using an internal grading system (unpublished). Quality 1 oocytes showed a regular outline, clear cytoplasm with an intact zona pellucida, quality 2 oocytes showed cytoplasmic vacuoles occupying <20% of the cell volume, and quality 3 oocytes included irregular cells with cytoplasmic fragments and or discoloration. The timing of insemination varied according to oocyte maturity. Fertilization was checked at 18 hr post insemination and the number of pronuclei assessed under the light microscope using X200 magnification. Abnormal fertilization was classified as more or fewer than two pronuclei. The embryos were assessed for cleavage status and quality during the next 48-72 hr. The embryos were graded in terms of their shape, the regularity of blastomeres, and the clarity of the cytoplasm and transferred either at 48 or 72 hr after insemination. Three patients in the DES-exposed group had assisted hatching (AH) performed on the embryos following at least two prior failed attempts at IVF. Luteal-phase support was provided with intramuscular progesterone, 50 mg/day. A quantitative serum B-hCG was performed 14 days after embryo transfer; a level >5 IU/L implied a positive test. A chemical pregnancy was defined as a positive serum B-hCG, which subsequently did not rise appropriately or result in a gestational sac on ultrasound scan. A clinical pregnancy was defined as one in which a gestational sac was seen on ultrasound scan. An ongoing pregnancy was a viable pregnancy continuing beyond 20 weeks of gestation. Implantation rate was defined as the number of gestational sacs seen on ultrasound scan per total number of embryos transferred. The clinical pregnancy rate was defined as the number of cycles with fetal sacs on ultrasound scan per number of embryo transfer cycles.
The data were analyzed using paired two-tailed Student's t test and Fisher's exact test as appropriate. All data are expressed as mean ± standard deviation (SD). Statistical significance was defined as P < 0.05. The analysis was performed using the SAS statistical package (SAS Institute, Gary, NC).
RESULTS
The patients in both groups were comparable with respect to age and basal FSH and E 2 values (Table I) . Among the DES-exposed patients, normal anatomy of the lower genital tract existed in only 1; the remaining 16 exhibited a spectrum of uterine and/or cervical deformities. The most common uterine anomaly was a T-shaped cavity, present in 7 of 17 cases (41%). In the control group there was no evidence of any abnormality of the uterine cavity. The incidence of primary infertility was higher in the control group (29 vs 70%). Five of the 17 patients with a history of DES exposure in utero had experienced at least one ectopic pregnancy. There was no history of ectopic pregnancy in any of the patients in the control group. The response of the DES-exposed patients to COH in terms of the maximum serum E 2 levels achieved, the total number of ampoules of gonadotropins used, the timing of hCG administration, and the number of preovulatory oocytes retrieved was comparable to that of the age-matched controls (Table II) . The mean thickness of the endometrial stripe on the day of hCG administration in the DES-exposed group was 10 mm, which was also comparable to that of controls. The fertilization rate of 82% and cleavage rate of 81% in the DESexposed group were also comparable to results for the controls (85 and 85%, respectively).
Fresh embryo transfer was achieved in 24 of 27 cycles in the DES-exposed group. The average number of embryos transferred was three per transfer. Three of the 27 IVF cycles did not result in an embryo transfer secondary to abnormal or failed fertilization. The data from these three cycles are included for analysis of the response to COH as well as to assess the fertilization and cleavage rates for embryos from DES exposed patients. Only the cycles that resulted in embryo transfer are included in the analysis of implantation and pregnancy rates. All the 27 IVF cycles in the control group resulted in a fresh embryo transfer. The number of embryos transferred, their quality, and the timing of transfer were comparable to those of the DES-exposed group. Assisted hatching was not performed on any of the embryos in this group.
In the DES-exposed patients, a total of three pregnancies resulted from 24 fresh embryo transfer cycles, giving a total pregnancy rate of 12.5% per transfer. One was a chemical pregnancy, one resulted in a live birth at term, and the third is ongoing. The clinical and ongoing pregnancy rate was 8% per transfer for the DES-exposed group. Both the pregnancies attained in the DES-exposed group were singleton, with an implantation rate of 2.3%. In the control group a total of 14 pregnancies resulted from 27 embryo transfer cycles, with a total pregnancy rate of 52%. Of these, two were chemical, six have delivered at term, and the remaining six are ongoing pregnancies. Of the 12 clinical pregnancies in the control group, there were three sets of triplets and a twin pregnancy. The clinical and ongoing pregnancy rate in the controls was 44%. A total of 16 gestation sacs was visualized following the transfer of 101 embryos, giving an implantation rate of 16%. The differences in the implantation rates and the ongoing pregnancy rates between the two groups were statistically significant (P < 0.05).
To perform valid comparisons, only the first cycles of IVF were analyzed for patients in each group. The clinical pregnancy rate was 11.8% per transfer in the DES-exposed group versus 40% per transfer in the control group. This difference approached, though did not reach, statistical significance (P = 0.07). The implantation rates, considering only the first attempts at IVF, were 4.2 versus 13.7%, respectively, in the DES and control groups (P = 0.08).
DISCUSSION
This study confirms a poor outcome of IVF in infertile women with a history of in utero exposure to DES. The significantly impaired implantation rate (2%) following IVF in this category of infertile women is striking and concordant with earlier reported data (4). The results of our analysis also demonstrate that the response to COH remains unaffected by a history of exposure to DES, a finding compatible with earlier reports (4-6). The percentage of postmature or degenerate oocytes retrieved per cycle (3%) was significantly less than the 28.7% quoted by Muasher et al. (5) and may reflect improvements in simulation protocols dur-ing the past decade. The secondary analysis of data including only first attempts at IVF for patients in each group was undertaken in an effort to eliminate a potential bias introduced by inclusion of multiple results from the same patient. The results of this analysis demonstrated clinically significant impairment in implantation and ongoing pregnancy rates for patients exposed in utero to DES.
The significantly higher predilection to ectopic pregnancy is clearly documented in our study group in whom 29% had a history of at least one tubal pregnancy (Table I ). Distorted tubal architecture as well as abnormal physiology has been suggested to contribute to this predisposition to ectopic pregnancy. The risk of ectopic pregnancy is quoted to be eight times greater in women with a history of exposure to DES and appears to be the leading factor contributing to a poor reproductive performance in this group (9) .
T-shaped anomaly of the uterine cavity was the most frequently seen anatomic deformity in the DES exposed patients in this study, the incidence being comparable to that reported earlier (4, 6) . This particular phenotype was associated with a high past incidence of spontaneous miscarriages as well as ectopic pregnancies. No prognostic implication could be attributed to the presence of a T-shaped uterine cavity in terms of ability to conceive and carry a pregnancy to term. Of the two successful IVF cycles in the DES-exposed group, one of the patients had a T-shaped uterine abnormality, while in the second patient the uterine cavity was hypoplastic. The chemical pregnancy following IVF occurred in a patient with a T-shaped cavity. Karande et al. (4) , in contrast to our conclusions, suggested a poor prognosis for IVF associated with uteri with constrictions and the combination of T-shaped uteri and constrictions.
In the data presented, the embryo cleavage rate and the quality suggest a normal biological potential of embryos in DES-exposed patients. The thickness of the endometrial stripe as measured by ultrasound seems to indicate an appropriate end-organ response to the circulating E 2 , a finding similar to that reported earlier (6) . A number of studies (10) (11) (12) (13) (14) in the recent past have focused on an association between the thickness and pattern of the endometrial stripe and subsequent implantation; most of the available data imply that an endometrial thickness of less than 7 mm is predictive of a poor outcome. Noyes et al. (6) have suggested that the echogenic pattern of the endometrium on TVS is altered in DES-exposed patients with implications for pregnancy outcome following IVF. The mechanism of implantation failure in patients with a history of DES exposure in utero, however, remains obscure. Salle et al. (15) have demonstrated a reduction in uterine blood flow in the luteal phase of menstrual cycle in DES-exposed uteri and have suggested that as a possible cause for impaired implantation in these patients. Information based on an animal model suggests an altered uterine mucosal lining in DES-exposed uteri interfering with embryo attachment to the surface epithelium (16) . Castlebaum et al. (17) analyzed the expression of integrins in the luteal phase of the endometrium in patients with a history of in utero exposure to DES and showed minimal differences between women with and women without a history of exposure. Assisted hatching has shown some benefit in improving implantation rates in certain subgroups of infertile women undergoing IVF (18) . Despite these theoretical benefits of AH, no pregnancy occurred in the three patients with DES exposure who underwent AH of the embryos prior to transfer. None of the embryos transferred in the control group underwent AH. This difference would have biased the data for improved implantation in the DES-exposed patients, which was not seen.
CONCLUSIONS
This study determined impaired implantation to be a major factor contributing to infertility in women undergoing IVF with a history of in utero exposure to DES. The ovarian response to controlled hyperstimulation, the fertilization and cleavage rates, and the embryo quality remain unaffected in these patients. The mechanism for implantation failure remains obscure and the prognosis for ART is guarded for patients exposed to DES in utero.
